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SULIMAEY 



A short investigation was made in th^ NACA 19-foot 
pressr<.re tunnel to determine the aerodynamic ch^^ract er- 
istics of a rectangiaiar 'ving model constr-ucted to NACA 
0012^ airfoil sections. The tests were rv^n with the air 
in the t-jnnei at two different pressures: atmo sT^her ic 
(14.7 1 D/ sq in. a'cs.) and 6b pcands per square inch abso- 
lute* The Reynolds number ranged from 1,070,000 to 
5,250,000 for the tests at atmospheric pressure and from 
1,950,000 to 8,240.000 for the tests at' a pressure; of S5 
pounds per square inch absolute. The results indicate a 
marked compressibility effect on the lift coefficients, 
part icul/^rly the maximum lift coefficients, which increase 
up to a velocity of approximately 150 miles vqt hour (a 
liach number of 0.19) and then decrease rar)idiy. The r^- 
s^'.lts also indicate that, in wind-tunnel testing to do-' 
termine m.aximum lift coefficients, compressibility effects 
i-ay be avoided O'^' limiting- tho tunnel air- stream test 
velocity to about 125 miles per hour (a Kach number o-^" 
0.17) 



INTSODUCTION 



During the calibration of the NACA 19-foot -oressure 
tunnel a fe^7 years ago, tests '-ere made -.vith a rectangular 
metal v;ing constructed to NACA 0012 airfoil sections. The 
resi"'.its of tnese rests, ivhich are reoorted herein and 
which have been reported in part as "inpubl i shed data of 
the NACA 19-foot press^ire tunnel in references 1 and 2, 
showed compressibility effects on the lift coefficients 
that are believed to be of considerable importance in wind- 
tunnel testing technique as -ell a- in connection rnth 



certain phenomena observed in flight. Inasmuch ag the 
information provided by the present tests is son;e*?7hat 
scanty, further tests are contemplated rxhen the pressure 
of the present military testing program is relieved. 



TESTS 2E SUITS 



Figure 1 e^ives the details of the model. The test 
setup of the model mounted in the tunnel is shov/n in fig- 
ure . Force tests were made over an angl e- of- at t ack 
ran^:,e from oelov; zero lift through the stall r/ith the air 
in the tunnel at t:vo pressures, atmospheric (14.7 Ih/sq in- 
abs.) and o5 pounds per square inch absolute. The tests 
were made at values of d^N^namic pressure from 10 to 200 
pounds per square foot, v/hich gave test Reynolds numbers 
from 1,070,000 to 5.250,000 at atmospheric pressure and 
from 1,960,000 to 8,240,000 for 35 pounds per square inch 
pressure. " 



Tests were made to determine the effects of support 
tare and interference, and corrections for these effects 
were made to the coefficients presented herein. The 
ane;les of attacl^ are corrected for jet-boundary effects. 

The variation of the lift coefficient Ct, with angle 
of attack a is given in figures '6 and 4 for the tests 
at the different Reynolds numbers and the tv;o tunnel air- 
pressure conditions. Examination of these c^irves reveals 
some variation of lift-curve slope with Reynolds number. 
Correcting the slopes to infinite aspect ratio a^ and 

plotting,- a^ as'ainst test Reynolds number (fi^;. 5) gives 
a separate curve for each of the tv/o ttmnel air riressures. 
When is plotted a^^ainst Mach number, however, the 

two Qurves shor; fair a^;reement in that the breaks occur 
at approximately the same Mach number (fig. 5). 

In fi^^-re o, the maximum lift coefficient Cr is 

plotted --against test Reynolds number for the t^vo pressure 

conditions. For atxAospheric pressure, the value of *Ct 

-^max 

increases up to a velocity of approximately 150 m,iles vev 
hour after v/hich it decreases at a rapid rate for the re- 
maining portion of the range investigated. Increasing 
the pressure of the air in the tunnel extends the curve 
.obtained at atmospheric pressure to higher values of ^iiaa' 
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and to higher values of critical Eoyncias number as Indi- 
cated by the dashed-lina curve. The critical P.eynolde 
number 'n this case also corresponds to a velocity of 
a-pproxiinately I50 miles per hour. When these same values 

^lirj?x ^^'^ plotted a/.?.Blnst Mach ni^mbar as in figure 7, 
however,' both cio-vefs show the peak at approximately the 
some Ivlach number (O.19) indicating that the breakdown of 
the flow is a comprassibill ty effect.. A few pressure 
measureraents over the nose of the w:ing indicate thrs to be 
the case. Further detailed pres^tjuro moasio-emente are 
desirable. It should be x^emembered, however, that both 
Reynolds and Mach ninribor effects are combined in the results 
of figures 6 and 7 and that the variation of Cj^;^^^ 5s due 
to a combination of these two effects. On the other hand, 
comprcGBilbility offoctB are (luite sma3.1 for Mach numbers up 

to 0.17 and variations of Cr . below this value therefore 

j-Tnax 

are essentially true Reynolds number effects. In refer- 
ence 2, it has been shown from two~<Iimenslonal pressOTe- 
distributlon tests of airfoils of the KACA l6--€eries that 
the curve of C^^^^ agamst Mach number starts upward 
af/aia at higher Mach numbe.'rs with pronounced Incrr^asus of 
m£iximum lift coefficient being obtained. Unf ortiinately. It 
was not possible in the present tests to obtain the high Mr.ch 
nimber necessary to n'how this affect. Further force tests 
at high Mach numbers appocir to be very dosirnble. 

Tho results of the present Invcfsti gation of the NACA 
001^ wing indicate that tests for the determination of 
maximiui lift cooff:iciont should be ii-ade at the Reynolds 
and Mach numbers corre-.ponding to those oxietlng for the 
conditions at wh-Jch tho data will bo used. Unfortunately, 
duplication of anticipated conditions of size, altitude,' 
and velocity wouid be .requirod boc;i^use the) proper Reynolds 
and Mach numbers can bo simultaneously obtained in no 
other way. Inasmuch as the majority of wind tunnels are 
dependent upon velocity clianges for variation of Mach num- 
ber, the effects of comp.ressibllity and Reynold.s number 
thus obtained cannot bo separated; conseriuently, the M^ch 
number ofx'ects at Cj^^ may predominate at much lower 

than the desired Reynolds number and the data will be mis- 
leading . Because the inajority of maximimi-lif t data are 
applied to the landing and stalling conditions of airplanes 
in wl^.ich the velocitiec are usually less that 125 miles 
per hour, the compressibility effects are small. For this 
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reason» it \70uld app^^^ar desir^tle in most cases to make 
the v/ind-- tunnel tests for maximum lift coefficient at 
values of Mpch number sufficiently low that cor.pr ess ihil- 
ity effects '.7ill be negiit^i"^!^' "^^-^ present tests indi- 
cate that an air-streara velocity of approximately 135 
V miles per hour (a Mach number of 0.1?) \70uid be the u^rper 
limit for airfoils with pressure distributions similar to 
that of the HACA 0012 section. For flight attitudes that 
require maximum lift at high. Mach and Reynolds numberst 
such as v/ouid be obtained in hii^h^ speed turiisi hoTxever, 
both the proper Mach and Reynolds numbers should be 
duplicated. 

Prom the tests of an NACA 0012 rectangular xving in 
the l^ACA 19-foot pressure tunnel herein reported^ the 
following conclusions may be drawn: 

1. Qompressibil ity effects produce pronounced changes 
.in the value of- the maximum lift coefficient for Mach 

numbers exceeding approximately 0.17. Below thir. value, 
Reynolds number effects apparently predominate. 

2. Determination of the maximum lift coefficient by 
wind-tunnel tests must therefore be done with due regard 
for the flight condition to. which the results will be 
app lied. 

Lang 1 ey em o r i a 1 Ae r o na u t i c r 1 La borate r y > 

National Advisory Committee for Aeronautics, 
Lan£;ley ?ield, Va. 
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Figure I. • Genera/ dimensions of all- mefa/ rectangular NACA 
0012 w/ng. 
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Figure 



^ ± ^ , r.r. Ang/e of attack ]oc,dea 

^.-Vanatfon of //ft coeffiaent uv/tti angte ofatfacM fSr A/ACA OO/^ rGcfanau/ar ^/no 
t^ressuTG J pounds pBr square /nch a^o/utet . ^ ^ 
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figure o,- Variation of lif t-coeff Ici6ut-cvt.rv3 bjjppe v/ith tost Reynolds 
mxUiber aji^ Macb nmbar for IIACA 0012 '^tTctanOT.lar win^r* 
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7iCT.re 5.^ Variation of irayi'Truin lift coc-.f f iciont with test Reynolds 
naiTiber for ITAC.'l OOlS roctan^iilar v/in^* 



J 



o 1.4 



o 



^ 1.2 



1.0 







^'1 






' i 

Fr 


cssur^i, lo/sq 


in. a 




























•1 




55.0 




























































— 






k 






































































\ 




















































i 





.06 .OS ,1 



.2 .3 .4 .5 .6 .7 .3 .9 1.0 

I^lach. ;auiiibc-r 



ffi^re 7.- Variation of nia::crrvuin lift coefficient with Mach rm:r,ber 
for ITACA 001? ractarxgiAlar win.?. 
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